In 2007, the National Academy of Engineering (NAE) began working with a marketing company to rebrand engineering and better communicate the importance of engineering to the public and potential future engineers. The resulting messages were 1) Engineers are creative problem solvers, 2) Engineers make a world of difference, 3) Engineering is essential to our health, happiness, and safety, and 4) Engineers help shape the future. In 2008, the NAE launched the Engineering Grand Challenges website.
The NAE kicked off its Engineering for You Too (E4U2) national video competition in order to highlight how engineering will create a more sustainable, healthy, secure and/or joyous world by addressing the NAE Grand Challenges for Engineering. The E4U2 project was a six week project assigned to the students in the cross-disciplinary class at Auburn University. The goals of the project were 1) To create awareness about the NAE grand challenges among the future engineering and business students and 2) To explore the feasible solutions for the chosen grand challenges and put it in simple way that a general audience can also understand the technology behind these potential solutions. The students were divided in six teams (4-5 students in each team) to make six two-minute educational videos. Each team was divided based on the DiSC personality assessment test and had a good mix of engineering and business students. The project involved aspects like researching potential solutions for the grand challenges, storytelling, script writing, and video production, editing and marketing. The project was reviewed and evaluated every two weeks and feedback was given on the videos by professional video creators and educators. The following topics were chosen by the teams to develop videos
Introduction
The Engineering Grand Challenges has been used in several studies to 1) improve perceptions about engineering and math and science education in high school students 1 ; 2) create engagement and motivation in freshmen engineering courses 2 ; and 3) promote engineering persistence among women through alignment of occupational values and perceptions of the field. Many educational modules have been created using the engineering grand challenges in teaching different engineering concepts. The two NAE grand challenges summits held in London (2013) and Beijing (2015) demonstrated that a community of engineers who take cross-disciplinary, challenge-based approaches to their practice may change the world. 3 Thomas et al. 4 defines project-based learning as "a model that organizes learning around projects". Mills and Treagust 5 claim that a mixed mode approach, involving traditional lecture with project based components, appears to be the best way to satisfy industry needs, without sacrificing knowledge of engineering fundamentals. Project based learning has been effectively used for the past 30 years to teach several courses and concepts at different levels of education. 6, 7, 8 So, the need for crossdisciplinary challenge-based approaches can be combined with an effective project-based pedagogy to teach courses. The main educational objectives of this course were: 1) Engineering students learn about importance of ethics, decision making, team working, design, marketing and communications in solving a real-world problem, 2) Business students learn about importance of engineering technologies and engineering design and their role in innovation and ethics in solving a real-world problem, 3) Both group of students use presentations, project management, team work, and write-ups to enhance their learning experiences. The course also involves elements like real-world case studies, lab exercises, guest lectures and final comprehensive project involving both business and engineering technologies and concepts. The NAE came up with fourteen grand challenges 9 , the world is currently facing and started the E4U2 video competition in spring 2015. The instructors of this course thought this would be an ideal project learning tool where both engineering and business concepts can be brought together in a fun and unique manner. The idea was to make the engineering students work on the possible technical research solutions to address a grand challenge while the business students work on advertising, marketing and search engine optimization concepts for the video. Such a cross-disciplinary project motivates and engages both business and engineering students while connecting the course objectives to the project. It also initiates exchange of ideas between engineering and business students. In the next sections, we will discuss the E4U2 project details, its classroom implementation, evaluation and feedback from the students.
Project details
The E4U2 video competition 10 opened on January 5, 2015 and the deadline to turn in the two-minute video was March 2, 2015. The competition was open to individuals in four different categories: 1) Grades K-8, 2) Grades 9-12, 3)2-year college through graduate school and 4) General Public. The student teams who developed the videos were under the third category. The "Best Video Overall" was be awarded $25,000. There was a People's Choice Award of $5,000 and the top videos in each competition category were eligible for a prize of up to $5,000. Submissions were judged by a panel appointed by the President of the National Academy of Engineering (NAE) that includes professionals from various engineering fields and the film and media industries. Members of the judging panel considered the following criteria in making their selections: a) Creativity in the content selection and presentation; b) Anticipated breadth of public appeal and interest; and c) Effectiveness in highlighting how achieving one or more of the NAE Grand Challenges for Engineering will lead to a more sustainable, healthy, secure, and/or joyous world. 7 Classroom implementation
The E4U2 video project was implemented in a BET class at Auburn University in spring 2015. The class had a total of 29 students of which 18 were pursuing engineering and 11 were business majors. In the beginning of the semester, the class was divided into six teams based on their DiSC personality 11 profiles and majors. The instructors made sure that each team had an equal mix of engineering and business students and did not have more than two dominant personalities in a team as that might create conflicts and clashes within the team. The student teams were asked to choose one of the fourteen grand challenges and were given the task to create a two-minute video focused on their grand challenge. This was a six week project. The following were the deliverables (deadline) for this project:
i. E4U2 Write-up -Story telling and scripts for the video (second week); ii. Presentation # 1 -Rough draft of their video presentation (fourth week); iii. Presentation # 2 -Final video with all the edits (fifth week). For any project to be successful, a rigorous and effective evaluation is necessary. The E4U2 project was evaluated at different stages of the project. The first evaluation was done at the two week mark. The student teams came up with their script and storyboard. The Producer and Director of Media Production Group at Auburn University helped the student teams with their storyboards and scripts for the video. The students really liked the constructive criticism provided by the experts. After implementing the tips and feedback from the Media Production Group, the second evaluation was done at the four week mark. The students came up with their initial version of the video. The student teams were evaluated in three categories which are mentioned in the project details section. These categories were chosen based on the evaluation criteria of the judges of the contest. The Website Content Editor at the Office of Communication and Marketing at Auburn University did an excellent job in critiquing the initial version of the videos and providing great feedback. The students took those comments and created the final version of their videos. The third evaluation was done at the five week mark. We had a panel of judges to evaluate the videos based on a rubric shown in Appendix A. Peer response was taken at each stage of evaluation which was very effective in developing the videos. The students took all the feedback from the experts and turned in their final version of the video on March 2, 2015. Three teams who were chosen to be finalists had to sign a consent form and send it to NAE. The consent form in Appendix B is a proof showing three teams were chosen as finalists.
Feedback from the students The students were tested on the content of engineering grand challenges in one of their class exams. They were asked to pick three out of the five grand challenges mentioned in the abstract. They could not pick the topic they were going to present. The questions were as follows:
1. List three reasons why each of the grand challenges (they picked three out of the five) are important; 2. List two possible engineering research solutions which aim to solve each of the grand challenges you have chosen.
There were some very interesting responses. Some of the following responses for the first question shows the knowledge content and awareness of the students about the grand challenges. The above responses for both the questions from the students clearly indicates that this project created awareness about all the engineering grand challenges selected by the students. It also shows that the students understand the importance of solving these grand challenges. Some open ended questions were asked to get feedback about the E4U2 video project.
When the students were asked how did they like working on the National Academy of Engineering (NAE) video development project, majority of the students said they really enjoyed working on this project and described it as fun, challenging, useful and unique. Some of the student comments when they were asked what you learned from this project were: The students were also asked which element of the course 1. Case Studies 2. Lab exercises 3. Guest Lectures 4. Video Project, did they like and why? Figure 1 shows the student responses to the question.
Figure 1. Student Response to the course elements they liked
Twelve students said they liked the video project, six preferred case studies, another six students liked the lab exercises, two students preferred guest lectures and 3 did not respond to this question.
Conclusion
The E4U2 video project was successfully implemented in a cross-disciplinary course. The project helped students appreciate the educational objectives of the course. The student responses to the open ended questions showed that the majority of the students found the project to be fun and enjoyable. They commented that the E4U2 project made them learn new engineering technologies and created awareness about the engineering grand challenges faced by the modern society. Some students also said that they learned marketing and advertising skills through this project. The peer evaluation results and comments showed that the students had a better teaming experience working on this project. Smith and Weiss's 12 findings suggest that teachers' professional development leads to an increase in their pedagogical content knowledge; this in turn results in changes in classroom practice, which ultimately produces improvements in student achievement. They also show that curriculum materials play an important role in improving student achievement. There is a strong need to develop innovative curriculum materials that can motivate k-12 students to pursue STEM careers. The videos developed by the student teams during this project will be a part of a bigger project and will be used to develop hybrid educational modules linked to engineering grand challenges to improve science and math concepts in k-12 curriculum.
